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Abstract
Children are most vulnerable to the effects of traffic-related air pollution because of their
developing respiratory systems, amount of time spent outdoors, and faster rates of breathing. As
one of the largest states in the U.S. in terms of both total population and number of children,
Texas is a particularly important place for studying policies and strategies used by school
districts to reduce children’s exposure to vehicular pollution. No previous study had examined
how public school districts in Texas are attempting to mitigate the effects of traffic-related air
pollution on children’s health. This thesis sought to address this knowledge gap by conducting an
online structured survey of public school district superintendents in Texas and providing new
insights regarding their level of concern for traffic-related air pollution, the practices or policies
currently being adopted for traffic pollution mitigation, and the challenges or barriers they face
for reducing vehicular pollution in their district. Results indicate that 90% of superintendents did
not consider traffic-related air pollution to be a problem in their district and a large majority were
also not concerned with traffic-related air pollution causing health problems for students. The
most widely adopted practices and policies across Texas school districts included the use of
mechanical ventilation such as heating, ventilation, and air conditioning systems and anti-idling
policies for buses. More than 20% of superintendents indicated that the fiscal budget of the
district limited the ways the district could mitigate traffic-related air pollution. School districts
with lower levels of concern for traffic-related air pollution were more likely to adopt anti-idling
policies for buses, as well as upgrading and retrofitting of buses in their district. These districts
with lower concern were also characterized by relatively smaller numbers of students, teachers,
student-teacher ratios, as well as lower fiscal budgets and expenditures. The knowledge gained
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from this study can be expected to initiate policy changes to reduce children’s exposure to
vehicular pollution in school districts, within and beyond Texas.
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Chapter 1: Introduction
The morning school drop-off and afternoon pickup for millions of children have changed
drastically in the last several decades. Approximately 47.7% of children in the U.S. either walked
or biked to school in 1969, compared to only 12.7% in 2009 (McDonald et al., 2011). This
dramatic decline in walking and biking has been the result of a growing number of parents
choosing to drive their children to and from school. While the percentage of children riding a
school bus stayed relatively unchanged between 1969 and 2009 at 40%, the increasing
dependence on private vehicles can have damaging effects not only on the environment but also
on school children’s health. With the dramatic increase in automobile traffic in the U.S.,
especially around school locations, vehicular air pollution has emerged as a major public health
issue.
Traffic-related air pollution occurs when vehicle exhausts, evaporative emissions from
vehicles, secondary pollutants formed in the atmosphere, and non-combustion emissions (e.g.,
road dust and tire wear) mix in the air (Matz et al., 2019). This is a major human health concern
since many homes, businesses, and schools tend to be located near major roadways where such
air pollution is generally concentrated. Studies have found that exposure to traffic-related air
pollution increases adverse cardiorespiratory effects, such as the increased prevalence of asthma
in children and deficits in lung growth (Kim, 2004; Jerrett et al., 2008; McConnell et al., 2010).
Children’s cognitive development, neurobehavioral function, and cardiovascular health are also
problems that can develop when exposed to high levels of traffic-related air pollution (Kingsley
et al., 2014). Furthermore, children are also at increased risk of wheezing, catching the flu or
serious colds, and ear, nose, and throat infections when exposed to high amounts of trafficrelated air pollutants such as Nitrogen Dioxide (NO2), PM2.5 [particulate matter 2.5 micrometers
1

or smaller in size], and soot (Houston et al., 2006). Children are also vulnerable to the effects of
traffic-related air pollution because of their developing respiratory systems and because when
compared to adults, they breathe faster per minute and spend more time outside, increasing their
outdoor exposure to air pollution (Kim, 2004).
Most schools across the U.S. have been found to be located near major roadways, raising
concerns of how traffic-related air pollution might be affecting the health of the children
attending these schools (Green et al., 2004). According to Kingsley et al. (2014), approximately
3.2 million students nationwide attended 8,424 schools located within 100 meters of major
roadways, which resulted in their exposure to very high levels of traffic-related pollution. They
also found that another 6.4 million students attended schools within 250 meters of a major
roadway and were thus exposed to elevated levels of traffic pollution on a daily basis. With so
many students attending schools located within close proximity to major roadways, it has
become important to investigate how schools in the U.S. mitigate traffic-related air pollution.
The U.S. Environmental Protection Agency (EPA) published a report titled, Best
Practices for Reducing Near-Road Pollution Exposure at Schools (2015) that outlined several
strategies that school administrators, parents, and other stakeholders can use for preventing or
mitigating traffic-related air pollution. The EPA’s recommendations are classified into two main
categories: (1) building design and operation strategies; and (2) site-related strategies for
reducing near-road pollution exposure. Building design and operation strategies include the use
of ventilation and filtration. Ventilation methods refer to the use of passive/natural ventilation,
and mechanical ventilation, such as heating, ventilation, and air conditioning (HVAC) systems.
While filtration is sometimes already incorporated into a building’s HVAC system, there are also
stand-alone systems that are portable and can be transported wherever air needs to be cleaned.
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The second category, site-related strategies, include the establishment of anti-idling and idle
reduction policies, upgrading bus fleets (e.g., retrofitting older buses with PM filters and
oxidation catalysts, or replacing older models with ones made after 2007 which have tighter PM
emissions standards set by EPA), encouraging active transportation (e.g., walking or biking to
school), siting guidelines for locating new schools, and the use of roadside barriers (e.g., sound
walls or vegetation barriers). While the EPA offers these recommendations to school
administrators, parents, and others concerned with children’s exposure to traffic-related air
pollution, no systematic research has been conducted to determine whether schools are actually
implementing any of these recommendations in their districts, to what extent they are
implementing them, and if they are encountering any potential barriers or challenges that might
prevent them from implementing pollution reduction practices.
Texas is an appropriate state for studying exposure to traffic-related air pollution not only
because it is one of most polluted U.S. states, but also because it is home to some of the most
polluted cities in the country. Texas is ranked third in the list of most polluted states in the U.S.
behind California and Arizona in terms of the amount of ozone in the air, short term particle
pollution, and the amount of particle pollution evident in the air year-round (Rosenfeld, 2019;
Martin, 2021). Furthermore, three of the state’s major cities (Houston, Dallas-Fort Worth, and El
Paso) also ranked high in the American Lung Association’s State of the Air report (Trevizo,
2019). The state of Texas is also ranked second in terms of both total population and number of
people aged less than 18 years (Stebbins, 2020). With regard to childhood asthma, the most
common chronic lung disease in children, Texas is ranked first in children’s asthma incident
cases in the U.S and second in terms of asthma cases attributable to NO2– an air pollutant
associated with on-road vehicular sources (Alotaibi et al., 2019). Khreis et al. (2019) argue that

3

Dallas County currently leads the region for the number of childhood asthma hospitalizations
and respiratory diseases responsible for an increase in absenteeism in the Dallas Independent
School District. Even in the state’s largest city, Houston, nearly half of the schools located within
the city limits experience elevated levels of air pollution (Environmental Defense Fund, 2020).
In the Houston Independent School District alone, environmental science officer Loren Raun
estimates that 6,000 children have asthma, which often leads them to miss school and not be able
to “excel and learn” (Trevizo, 2019). Schools play a vital role in protecting children’s health
because children spend the majority of their day there outside of their home. Students in Texas
spend a minimum of seven hours at school a day, and 180 days a year according to the National
Center for Education Statistics (NCES, 2018). Therefore, not only is mitigating and minimizing
outdoor traffic-related air pollution important but addressing indoor air quality is also necessary.
School districts in Texas serve as important decision-makers and stakeholders for
mitigating school exposure to traffic-related air pollution and the protection of children’s health
(Chakraborty, 2022). However, no published studies have investigated how school districts are
attempting to address, minimize, or reduce traffic-related air pollution for schools in their
districts. This thesis addresses this important knowledge gap by examining the adoption of
policies and strategies for mitigating school exposure to vehicular pollution in Texas, as well as
identifying the characteristics of school districts that were more likely to engage in pollution
reduction or prevention practices. The specific research questions investigated in this thesis are
as follows:
a. How concerned are school district administrators in Texas about children’s exposure
to air pollution and traffic-related air pollution in their district?
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b. To what extent are the EPA’s best practices and recommendations for reducing
school exposure to traffic-related air pollution being adopted or implemented across
Texas school districts?
c. Which specific vehicular pollution prevention strategies are being adopted more
commonly across school districts in Texas?
d. What are some barriers and problems that prevent school districts from adopting
vehicular pollution prevention strategies?
e. What are the characteristics of Texas school districts that are more likely to adopt
vehicular pollution prevention strategies?
To answer these questions, an online structured survey was prepared and administered to
superintendents of all public school districts (1,021) in Texas. An online survey has several
advantages such as being less expensive, flexible, and convenient, considering the large number
of school districts that were invited to participate in this study. The survey questions covered
their current levels of concern regarding both air pollution and vehicular air pollution, and asked
if they were implementing the strategies suggested in the EPA’s report, to what extent these
strategies had been implemented, and what challenges they had faced when trying to implement
the recommended mitigation strategies. The survey was designed to take less than 10 minutes to
complete and was accessible from October 26, 2021, to March 21, 2022. Survey questions were
close-ended to allow respondents to choose from a set of pre-defined responses that included
Likert scale, rating scale, and rank order multiple choice questions. A total of 64 school district
superintendents participated in the survey, with 54 fully completing the survey and 10 partially
completing it.
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Additional school district level characteristics were used to complement the data
collected through the survey. The variables that were gathered from secondary sources included
fiscal budget at the federal, state, and local levels, total district expenditures, total number of fulltime teachers, total number of enrolled students, and school district geographic location (e.g.,
city, suburban, town or rural). These variables were obtained from the National Center for
Education Statistics website which was also used to identify the public school districts in Texas.
The secondary data was especially useful when analyzing the survey responses to determine if
school district characteristics such as geographic locale, student-teacher ratio, and fiscal budgets
were related to their adoption or implementation of vehicular pollution reduction strategies.
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Chapter 2: Literature Review
This literature review examines previous studies that have researched the adverse impacts
of traffic-related air pollution on children’s health, as well as the policies and practices for
reducing school exposure to vehicular pollution. The first section introduces the most common
traffic-related air pollutants and their negative health effects. The second section focuses on how
living and attending schools near major roadways can be harmful to children resulting in asthma,
decreased lung function and cognitive development issues. The third section focuses on the
policies, practices, and strategies that aim to reduce children’s exposure to air pollution, beyond
those recommended in the EPA’s Best Practices report. Furthermore, this chapter also explores
pollution reduction approaches that are currently being implemented by some school districts
across the U.S., and how President Biden’s proposed Americas Job Plan aims to reduce trafficrelated air pollution caused by school buses.
2.1 Common Traffic-Related Air Pollutants and Their Negative Health Effects
The most common traffic-related air pollutants are particulate matter (PM), nitrogen
dioxide (NO2), and carbon monoxide (EPA, 2020). Particulate matter is the term for the mixture
of solid particles and liquid droplets that are found in the air. According to the California Air
Resources Board (2021), particles are defined by their diameter for air quality regulatory
purposes and include PM10 and PM2.5. PM10 refers to particles with a diameter of 10 microns
or less and fine particles that are 2.5 microns or less in diameter are referred to as PM2.5. NO2 is
a pollutant that is commonly the result of burning vehicular fuel. This pollutant is emitted by
cars, trucks, busses, power plants, and even off-road equipment. Furthermore, this pollutant can
mix with other chemicals in the air and therefore form both particulate matter and ozone (EPA,
2016b). NO2 is harmful for human health because it can irritate the airways, and cause issues
7

with the respiratory system. Constant exposure can result in respiratory diseases, such as asthma,
and cause respiratory infections, coughing, wheezing, or difficulty breathing. According to the
EPA, people and groups, such as those with existing asthma, children, and the elderly are most at
risk of the harmful health effects of NO2. Finally, carbon monoxide is a colorless and odorless
gas that is very harmful when inhaled in large amounts. It is most commonly emitted when
something is burned, and some of the biggest contributors to this air pollutant are cars, trucks,
other machinery that burn fossil fuels, and even certain items that are used indoors like space
heathers, leaking chimneys and furnaces, and gas stoves (EPA, 2016a). The EPA further reports
that breathing in air with high concentrations of carbon monoxide reduces the amount of oxygen
that is transported in the bloodstream, which is critical to the heart and brain, and can therefore
have negative health effects for people with heart diseases, and cause dizziness, confusion,
unconsciousness and even death in others when exposed.
2.2 How Living and Attending Schools Near Major Roadways Affects Children’s Health
When it comes to children’s health, traffic-related air pollution can affect children in
many ways, and asthma ranks at the top of the list. McConnell et al. (2010) found that children
exposed to higher levels of traffic-related air pollution at both school and home were at an
increased risk of developing asthma and the American Lung Association estimates that at least
6.1 million children in the U.S. suffer from this devastating condition (2020). Asthma is one of
the most common chronic diseases that affect children, and therefore also has an impact on their
quality of life, daily activities and academic learning (Ferrante and La Grutta, 2018). For many
children, their asthma is only more aggravated when they find themselves in places and
situations with increased exposure to high levels of air pollution. While previous studies have
found that the pollutants that are most commonly emitted from vehicular sources increase the
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prevalence of asthma or asthma symptoms in children, especially among those that live near
roadways with high traffic volume, other studies have also found that adverse health impacts of
traffic-related air pollutants on children range anywhere from increases in mortality in very
severe episodes, increased acute respiratory disease, aggravation of asthma, increased hospital
emergency visits, lowered lung function, and increased sickness rates resulting in school
absences (Bates, 1995; Balmes, 2009). Schultz et al. (2017) found that early life and school-age
exposure to traffic pollution has a negative impact on lung function, at least up to adolescence.
They also found that certain groups were more susceptible to the harmful effects of traffic
pollution than others. At certain development stages, they found that males were more at risk
than females, especially during infancy, childhood and early adolescence, but that the roles
reversed once females hit puberty and estrogen increased their incidence and severity of asthma.
Young children are especially vulnerable to traffic-related air pollution because they are unable
to control where they live or where they go to school.
Freire et al. (2010) found that even at low exposure levels, vehicular traffic can have
other very negative effects on children, especially in early childhood. Sunyer et al. (2015) found
that traffic-related air pollution can affect the cognitive development of children. Their study
involved children from 39 schools in Spain, who were tested via computerized tests every three
months, for a total of four times. They found that children that attended schools with higher
traffic-related air pollution, had a much smaller improvement in cognitive development than
children that did not attend schools with higher levels of air pollution. In addition, they also
found that children that attended low-exposed schools experienced fewer behavioral problems,
cases of obesity, had more siblings and residential greenness.
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Kim et al. (2004) examined how children’s respiratory health in the East Bay area of
California was affected by traffic-related air pollution. They measured the concentrations of
traffic pollutants such as PM10, PM2.5, black carbon [BC], total nitrogen oxides [NOx], and
NO2 at several school sites, and distributed questionnaires to parents of the participating 10
schools. They found that concentrations of most of these pollutants were higher at schools that
were located within 300 meters downwind of a freeway, when compared to schools that were
upwind or further from major traffic sources.
Children are more vulnerable to the harmful effects of traffic-related air pollution, and yet
many public schools in the U.S. are situated along major roadways that experience high levels of
exposure to traffic-related air pollution. McConnell et al. (2010) found that in California, 10% of
public schools were located within 150 meters of a busy roadway with a daily traffic volume of
more than 25,000 vehicles. This was an alarming finding because as Kleinman (2000) argues,
children typically spend more time outside than adults, take in more air per unit body weight at a
given level of exertion than do adults, are thus more likely to inhale harmful air pollutants.
Children are more susceptible to health problems resulting from vehicular air pollution than
adults since their respiratory systems are not fully developed and because their smaller airways
and higher breathing rates result in greater exposure to air pollutants relative to their size
(Landrigan et al. 2010; Brockmeyer and D’Angiulli 2016). The negative effects of traffic-related
air pollution on children’s health is a major concern because of how this pollution can damage
their growing and developing lungs and bodies.
2.3 Strategies and Policy Solutions for Reducing Traffic Pollution Near Schools
To help schools across the country mitigate traffic-related air pollution in their districts
and protect the health of their students, the EPA (2015) published a report with recommendations
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to aim to prevent and mitigate traffic-related air pollution. This report included strategies such as
implementing anti-idling policies, upgrading or retrofitting school busses, the use of vegetation
barriers, siting guidelines for new schools, making upgrades to heating, ventilation, and air
conditioning (HVAC) systems and encouraging the use of active transportation (e.g., biking or
walking to school). However, many states have also implemented their own reports and
guidelines for mitigating traffic-related air pollution. In 2017, the California Environmental
Protection Agency published a technical advisory titled, Strategies to Reduce Air Pollution
Exposure Near High-Volume Roadways. In the report, they outline the strategies to reduce air
pollution exposure into three main categories: strategies that reduce traffic emissions, strategies
that increase dispersion of traffic emissions, and strategies that remove pollution from the air.
Some of their strategies were similar to those in the EPA’s Best Practices report, such as the use
of solid barriers (sound walls), vegetation for pollutant dispersion, and the use of indoor high
efficiency filtration. However, in this technical advisory, they outline additional strategies such
as speed reduction mechanisms (roundabouts), traffic signal management, and speed limit
reductions on high-speed roadways, that can be used to reduce traffic emissions. Speed reduction
mechanisms, for example, reduce stop-and-go driving and hard accelerations, therefore reducing
emissions, and according to the technical advisory, studies have shown that roundabouts can
reduce localized pollutant concentrations when compared to intersections with stop and signal
control by 20% or more. Furthermore, by implementing traffic signal management, both stopand-go traffic and vehicle idling can be reduced, therefore resulting in reduced localized
pollutant concentrations. While this technical advisory was written for planners and others
involved in land use planning and decision-making, the strategies for reducing exposure to air
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pollution are still relevant, especially for siting new schools or other locations where children are
commonly found like parks or daycare centers.
In 2010, the National Collaborating Centre for Environmental Health at the British
Columbia Centre for Disease Control published a report titled, Minimizing Children’s NonResidential Exposure to Traffic-Related Pollution (Ries et al., 2010). This report, which was
published five years earlier than the EPA’s Best Practices, outlined similar strategies like
purchasing new buses with emission control technologies, banning of idling of school buses and
private vehicle near schools, planning new schools away from major roadways, active
transportation, and the use of filtration systems indoors. Given the fact that this report was
written for use in Canada, it illustrates that traffic-related air pollution is a problem everywhere,
but that there are mitigation strategies that are available to reduce pollution exposure.
In 2003, California introduced SB 352 Escutia to prohibit the location of new schools
within 500 feet of a busy road (Green et al., 2004). Siting schools near major roadways is a
growing concern, and as StreetBlog USA argues, school districts are attracted to cheaper land
proximate to highways (Schmitt, 2017). However, the Safe Routes Partnership notes that 27
states have imposed acreage standards that require minimum lot sizes when siting new schools.
These siting polices require that local communities must build schools on sites that require a
certain number of acres depending on the school type (elementary, middle school, high school)
and the number of students it will serve (Safe Routes Partnership). As of 2013, Texas law does
not prevent K-12 schools from being built near freeways, and as Matthew Tresaugue of the
Houston Chronicle (2013) reports, “school districts say roadway pollution is rarely, if ever,
considered in their decisions where to place campuses.”
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One of the site-related mitigation strategies that has been suggested in several reports and
guidance documents is the use of roadside barriers, such as sound walls and vegetation.
Vegetation barriers work by imposing a drag on the air moving through the leaves and branches,
which causes some air to move up and around the canopy, increasing the use of vertical mixing,
therefore resulting in reduced pollution concentrations downwind of the barrier (Ranasinghe et
al., 2018). Vegetation barriers not only help to reduce airborne particles and gaseous air
pollution, but they can also improve aesthetics, increase property values, reduce heat, control
surface runoff and reduce noise pollution (Baldauf, 2017). The use of vegetation barriers is thus
an effective approach to improving a school’s appearance, while still mitigating exposure to
traffic-related air pollution.
Most recently, President Biden introduced a new infrastructure plan that is titled The
American Jobs Plan. This proposal hopes to replace lead pipes, expand broadband, improve
roads and trains, and replace one-fifth of the school bus fleet from diesel to electric buses (Piper,
2021). Furthermore, switching out diesel school buses would be a big step in the right direction,
considering that around 55% of public school students in the U.S. use buses to reach school, and
95% of the buses used across the country currently run on diesel. Although replacing school
buses was a site-related strategy recommended in the 2015 EPA Best report, one of the major
reasons why school districts do not do it is because of the high costs. School districts across the
country even struggle with replacing diesel buses, which cost approximately $100,000 each, and
electric ones would run about three times that (Myers et al., 2021). President Biden’s American
Jobs Plan would replace 20% of the nation’s diesel bus fleet with electric versions with an
investment of $20 billion over five to eight years. This initiative is called the Clean Buses for
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Kids, and it would be housed at the EPA with support from the Department of Energy (DOE)
(Myers et al., 2021).
While President Biden’s infrastructure plan passes through the U.S. Congress, some
states have been able to upgrade their bus fleets with the help of some generous grants. The
South Carolina Department of Education was awarded $480,000 in funds from the EPA as part
of a nationwide plan to upgrade old diesel school buses. The funding comes from the EPA’s
Diesel Emissions Reduction Act (DERA) and the agency hopes that the new buses will reduce
pollutants that have been linked to asthma and lung damage. So far, the EPA has awarded
approximately $10.5 million to replace about 473 diesel school buses in 40 states (WLTX,
2021). In Missouri, the Lewis County C-1 School District has also upgraded their older buses to
propane autogas school buses using grant funds that they received from the Volkswagen
Environmental Mitigation Trust. The school district’s superintendent, John French hopes that by
switching to alternative-fueled buses, the school district is able to save money and “reduce the
local tax burden” (McFadden, 2021).
In Texas, a program titled Texas Clean School Bus Program was designed to reduce
emissions of diesel exhaust from school buses by awarding public school districts and charter
schools in Texas with grants to offset the cost of replacing or retrofitting diesel-fueled school
buses. As of May 8th, 2020, more than $8.3 million had been awarded, but more than $18
million had been requested by schools in the state (Texas Commission on Environmental
Quality, 2020). Furthermore, some Texas school districts have undergone indoor air quality
(IAQ) renovations and in a study by Stafford, these renovations have been shown to be worth the
investment. Stafford (2015) evaluated the effect of IAQ in school buildings on students
standardized test scores and school attendance rates, and found that strategies of mold
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remediation, ventilation improvements, and roof repairs were found to significantly improve test
scores in the Texas school district she focused on. Furthermore, she found that school districts
can expect to pay around $500,000 for an average mold remediation project, $300,000 for an
average ventilation improvement project, and $100,000 for roof repairs. These figures are
important to keep in mind, considering every school district of Texas has different budgets to
work with. Since many school districts cannot afford to replace their diesel buses or even retrofit
them, grants from the EPA, Volkswagen, and President Biden’s infrastructure proposal are
crucial to helping school districts across the country mitigate traffic-related air pollution.
2.4 Summary
This literature review has introduced the most common air pollutants found in trafficrelated air pollution and outlined how they are harmful to human health. Previous studies
focusing on traffic proximity have found that traffic-related air pollution contributes to the
development of asthma, aggravates existing asthma, and affects lung function and cognitive
development. Children face significantly risks to these adverse health effects because of their
developing lungs and increased time spent outdoors. Based on the multiple publications that are
now available, upgrading diesel bus fleets, using vegetation barriers, implementing siting
restrictions, and introducing anti-idling and idle reduction strategies are some of the most
effective strategies for reducing traffic-related air pollution exposure.
This review has also discussed how school districts across the country are implementing
and utilizing policies and strategies recommended in reports like the EPA’s Best Practices for
Reducing Near-Road Pollution Exposure at Schools. School districts across South Carolina,
Missouri, and Texas are replacing some of their diesel buses with the help from some grants.
Furthermore, some schools in Texas have opted to make improvements to improve indoor air
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quality by making renovations to their roofs, ventilation systems, and through the practice of
mold remediation. President Biden’s proposed American Jobs Plan, however, aims to replace
20% of the country’s diesel school buses in order to reduce pollution and transition towards a
more technological era.
Despite the multiple reports that offer traffic-related pollution reduction strategies, no
published study had sought to survey school districts and investigate whether they were using
mitigation strategies in their school districts, to what extent specific strategies were being
adopted, and if these strategies have been effective in reducing school exposure to vehicular
pollution. Most school districts have only replaced their diesel buses because of grants that they
were awarded. This thesis sought to address this knowledge gap by examining what else school
districts are doing, which mitigation strategies they implement, and what barriers they have faced
when trying to implement such strategies.
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Chapter 3: Data and Methods
This chapter describes the data collection methodology, survey domains and external
variables, survey administration, and the statistical analyses that were conducted for this study.
The first section describes the three survey domains and the external variables that were gathered
from NCES and used in the data analysis. The second section focuses on the survey
administration process, and the final section summarizes the data analysis that was conducted for
this thesis project.
3.1 Survey Domains and External Variables
The responses gathered from the online survey of school district superintendents were
used to answer the main research questions of this study that were presented in the Introduction
section. Consequently, the survey was organized to cover three key domains: (1) Levels of
concern regarding traffic-related pollution in the school district; (2) Practices, policies, and
strategies for pollution reduction in school districts, and (3) Barriers and challenges in
implementing traffic pollution mitigation practices. The survey invitation letter, informed
consent form, and the complete survey questionnaire are provided in the Appendix (pages 6068).
The first survey domain (Levels of concern regarding traffic-related pollution in the
school district) included questions that focused on a superintendent’s current concerns associated
with air pollution, what they thought the main causes of air pollution were in their district, and
how often they sought information about air pollution in their local area or school district. Most
importantly, this domain was also concerned with determining how much of a problem they
thought traffic-related air pollution was in their district, how concerned they were with trafficrelated air pollution causing health problems and/or developmental delays for children in their
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district, and approximately what percentage of schools in their district were located downwind
from major roadways. This section also included a question on how concerned they are with
student drop-offs and pickups being located near major roadways.
The second survey domain (Practices, policies, and strategies for pollution reduction in
school district) focused on the recommendations from the EPA on best practices, policies and
strategies for traffic-related pollution mitigation in school districts. This domain asked
superintendents to indicate which practices or policies were in place in their school district, how
they would rate each practice or policy based on what they thought was the most or least
effective, and which of the practices or policies had not been implemented in their district but
should be adopted for reducing school exposure traffic-related air pollution. Furthermore, this
domain also asked superintendents about what percentage of schools in their district relied solely
on either passive ventilation (opened windows/doors) or mechanical ventilation (HVAC
systems), what kind of mechanical systems were used (e.g., central HVAC system or singleclassroom unit), and whether filters were required to be changed regularly.
Finally, the third survey domain (Barriers and challenges in implementing traffic
pollution mitigation practices) asked superintendents to indicate which of the provided options
applied to their school district. These options included whether they had faced challenges or
problems when trying to address traffic-related air pollution, whether the fiscal budget of the
school district had limited the ways they would reduce traffic-related air pollution, or whether
adequate funds had been allocated towards updating mechanical ventilation systems and siting
new schools in the school district, and whether they faced challenges because of where their
school district was located (city, suburban, town, or rural locales).
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The data gathered from the survey was also complemented by additional variables
collected from secondary data sources. The National Center for Education Statistics (NCES)
website (nces.ed.gov) was used to obtain each school district’s fiscal data. This fiscal data
indicates how much money each district received annually from federal, state, and local sources,
revenue per student, as well as their annual expenditures. In addition to fiscal data, other
variables that were downloaded from the NCES website also included each district’s geographic
locale, total number of students, total number of full-time teachers, and student-teacher ratio. The
NCES classifies all school districts in the U.S. into four categories: City, Suburban, Town, and
Rural. Each of these categories is further divided into three subcategories based on either
population size (for City and Suburban categories) or proximity to populated areas (for Town or
Rural categories) (Geverdt, 2019). The four main categories and their subcategories are as
follows: City (large, midsize, and small); Suburban (large, midsize, small); Town (distant, fringe,
remote); and Rural (distant, fringe, remote). These external factors were used as additional
variables to complement and analyze the primary survey data that was collected from the school
district superintendents.
3.2 Survey Administration
For this study, a structured survey was the most appropriate approach because the
research questions relate to several specific dimensions of school exposure to traffic pollution
and therefore the responses received were directly relevant for answering these questions. This
structured survey was based on a computer-assisted self-interview, or more specifically, an
online survey mode. An online survey was appropriate for this statewide study because the
potential respondents (school district superintendents) were geographically dispersed across the
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state of Texas. The survey questions were constructed and delivered via the Question Pro
software that is endorsed and provided by the University of Texas at El Paso (UTEP).
Approval from the UTEP Institutional Review Board (IRB) for this study was received
on September 16, 2021. A copy of the IRB approval letter is included in the Appendix (page 69).
The survey invitation was sent via email to 1,021 public school district superintendents and their
contact information was collected using the Texas Education Agency’s AskTED – Search by
District feature. This directory is publicly available and includes a variety of information relevant
to each school district, including the name and direct email address of each district
superintendent. Survey administration consisted of several steps, and began with the selection of
a pilot test group. To ensure that the survey software would work properly and respondents will
not experience any difficulties, 12 school districts (one randomly selected school district from
each geographic locale subcategory) were chosen to represent this pilot test group. Email
invitations to participate in the survey were sent to this pilot group on October 26, 2021. An
additional group of 20 school districts, also randomly selected from each geographic locale
major category and their subcategories, was selected as the second test group; these survey
invitations were emailed on November 9, 2021. Once it was determined that the surveys were
being viewed and filled out, the remaining 988 school districts in Texas were emailed with the
survey link on December 1, 2021. Reminders to complete the survey were then sent out every
two or three weeks from October 26, 2021 to March 21, 2022, depending on whether school
districts had holiday breaks that might have interfered.
After multiple reminder emails, only 17 surveys were completed by January 26, 2022.
Efforts were then made to contact agencies such as the Texas Association of School
Administrators (TASA) and the Texas Education Agency (TEA) to determine whether they
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might be able to help with survey distribution and boost response rates. Five staff members at the
TASA were contacted at the end of January 2022, but only two replied and offered advice or
suggestions. The first to reply was Amy Francisco, Director of Communications and Media
Relations at the TASA. She indicated that low response rates might be attributed to school
districts being “extremely burdened with staffing shortages and other complications of COVID.”
Regarding assistance with survey distribution, she claimed that she could not dedicate space to
the survey in the TASA’s communication that goes out to their members due to the high number
of other graduate students that also ask for their help. The second staff member to reply from the
TASA was Brandon Core, Associate Executive Director of Professional Learning and Member
Engagement. Mr. Core echoed some of the same feelings Ms. Francisco shared such as
superintendents being “pulled in too many directions” and having to “prioritize their time and
attention to the most pressing district leadership needs.” However, he did offer some helpful
suggestions such as emailing the Executive Assistant to the Superintendent (Superintendent’s
Secretary), shortening the survey to less than five minutes, and finally, reaching out to
superintendents on social media. While these suggestions were helpful, ultimately, they were not
beneficial in increasing survey response rates. Sending the survey to executive assistants proved
difficult since most school districts did not have this point of contact, and their information was
not as easily found online like with that of the superintendents. Furthermore, shortening the
survey also did not appear to be an effective strategy once it was determined all questions were
necessary, and more than 20 school districts had already completed in the survey. Finally, using
social media to contact superintendents was deemed unreliable since it was not known whether
they actually managed the account or if an assistant did.
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As previously mentioned, the online survey was open from October 26, 2021 to March
21, 2022. After multiple email reminders, a total of 64 school district superintendents
participated in the survey. This included 54 superintendents who answered all survey questions
and 10 who partially completed the survey. The average length of time to complete the survey
was approximately 8.0 minutes, ranging from a minimum of 3.7 minutes to a maximum of 27.88
minutes.
3.3 Data Analysis
The data analysis focused on identifying key patterns and trends related to concerns
regarding air pollution and traffic pollution, adoption of traffic pollution reduction and mitigation
approaches, and barriers or problems associated with adoption of best practices and strategies for
traffic pollution reduction, across all Texas school districts that responded to this survey. After
the survey had closed on March 21, 2022, the responses were analyzed in several different ways
using the analysis feature in Question Pro and Excel software. First, univariate analysis was used
to summarize responses to all survey questions. This included frequency distributions for all
relevant survey responses, as well as descriptive statistical measures for relevant responses.
Second, bivariate comparisons were used to explore relationships between multiple relevant
survey variables and external data. This analysis was useful in determining, for example, how
adoption of traffic pollution reduction practices was related to concerns about traffic pollution
and fiscal budgets, and how a school district’s geographic locale might influence their level of
concern of traffic-related air pollution or adoption of traffic pollution mitigation practices.
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Chapter 4: Results and Discussion
Based on survey data collected from 64 Texas public school district superintendents, this
chapter describes how superintendents felt about traffic-related air pollution in their districts,
what they are doing to reduce or mitigate traffic-related air pollution, and what challenges or
barriers they are facing when trying to implement pollution prevention strategies. This is
followed by an analysis of bivariate comparisons between some of the key survey variables and
data on school district characteristics gathered from the NCES website.
In Texas, public school districts are classified based on geographic locale into four major
categories and three subcategories: City (large, midsize, small); Suburb (large, midsize, small);
Town (distant, fringe, remote); and Rural (distant, fringe, remote). Table 1 summarizes the
geographic locale of each of the school districts that participated in the survey. All the
subcategories have been combined under the major geographic locale category. Based on the
results shown in Table 1, most school district superintendents that participated in the survey
predominantly came from the Rural category and accounted for more than two-thirds (67.2%) of
the total. Respondents for the Town category accounted for about 21.9%, Suburban accounted
for 4.7%, and the categories of City and those that were Unspecified each accounted for 3.1%.
Table 1: Geographic Locale of Participating School Districts
Count
City
Suburban
Town
Rural
Not specified
TOTAL

2
3
14
43
2
64

Percent
3.12%
4.69%
21.88%
67.19%
3.12%
100.00%

Figure 1 shows a map of Texas public school districts, indicating which school districts
participated in this online survey.
23

Figure 1: Public School Districts in Texas

4.1 Air Pollution and Traffic-Related Air Pollution Levels of Concern
The first section of the survey focused on the current level of concern of superintendents
regarding their school district in terms of air pollution and traffic-related air pollution. The first
set of questions in this section asked respondents to focus solely on air pollution. These questions
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addressed the overall air quality in their school district, how much of a problem they thought air
pollution was in their district, what they thought were the main causes of air pollution, and
whether they sought information about air pollution in their city or school district and how often.
Table 2 summarizes the question that asked superintendents to rate the overall air quality
in their school district. A total of 59 respondents answered this question and 38 (63.3%)
indicated that they thought the overall air quality in their school district was very good. About
28.3% of respondents thought the air quality was somewhat good, and 8.3% considered it neither
good nor bad. While more than 91% of SDSs rated overall air quality as somewhat or very good,
no superintendent thought of their school district’s air quality as very bad or somewhat bad. The
mean score was 4.55, which indicated that superintendents generally rated the overall air quality
in their districts as somewhat or very good.
Table 2: Overall Air Quality in School District
Count Percent
Very bad (1)
0
0.00%
Somewhat bad (2)
0
0.00%
Neither good nor bad/neutral (3)
5
8.33%
Somewhat good (4)
17 28.33%
Very good (5)
38 63.33%
TOTAL
60 100.00%
Mean: 4.55
Table 3 summarizes the results from asking superintendents how much of a problem they
thought air pollution was in their school district. Exactly 60.0% of the 60 respondents that
answered this question considered air pollution not a problem at all, 35.0% of respondents
considered air pollution to be a minor problem, and 5% indicated it was a moderate problem. No
respondent considered air pollution in their district to be either a somewhat serious problem or a
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very serious problem. The mean score was 1.45, suggesting that superintendents on average rated
air pollution to be a minor problem or not a problem in their school districts.
Table 3: How Much of a Problem is Air Pollution in School District
Count Percent
Not a problem at all (1)
36 60.00%
A minor problem (2)
21 35.00%
A moderate problem (3)
3
5.00%
A somewhat serious problem (4)
0
0.00%
A very serious problem (5)
0
0.00%
TOTAL
60 100.00%
Mean: 1.45
Table 4 summarizes the results from asking the respondents what they would say were the main
causes of air pollution in their school district. Private automobiles were the main cause of air
pollution according to 33.3% of respondents. In second place were agricultural activities at 20%,
and nearby industries or factories in third place at 18.3%. Furthermore, 1.7% (1 respondent)
indicated that ongoing construction was the main cause of air pollution in their district and
11.7% argued that it was something else. This survey question also allowed respondents to freely
write in any comments, and 1 superintendent noted wind and/or dust as a main cause of air
pollution in their district. Other comments that were left included “We are rural and do not have
air pollution problems,” and “We don’t have a problem with pollution.”
Table 4: Main Cause of Air Pollution in School District
Private automobiles
Agricultural activities
Nearby industries or factories
Nearby major roadways
Other
Ongoing construction
Public Buses
TOTAL

Count Percent
20 33.33%
12 20.00%
11 18.33%
9 15.00%
7 11.67%
1
1.67%
0
0.00%
60 100.00%
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Tables 5, 6 and 7 summarize the responses of questions asking superintendents if they
had ever sought information about levels of air quality in their district, how often they sought
information and when the last time they sought information was. Table 5 summarizes how an
overwhelming 88.3% of respondents answered that they had never sought information about air
quality in their city/school district.
Table 5: Ever Sought Information on Air Quality Levels in City/District
Yes
No
TOTAL

Count Percent
7 11.67%
53 88.33%
60 100.00%

Table 6 summarizes how superintendents answered when asked about how often they
sought information on air pollution levels in their city or school district. More than half (55.0%)
indicated that they had never sought information or that this question was not applicable to them.
About 33.3% answered that they did not seek information about air pollution levels that often,
and 5% answered that they sought information somewhat often. Finally, only one superintendent
(1.7%) indicated that they sought information moderately often. The mean value of responses
was 1.53, indicating that seeking out information on air pollution levels was occurring very
infrequently across public school district superintendents in Texas.
Table 6: How Often Sought Information on Air Pollution Levels
Count Percent
Never/ not applicable (1)
33 55.00%
Not that often (2)
23 38.33%
Somewhat often (3)
3
5.00%
Moderately often (4)
1
1.67%
Regularly (5)
0
0.00%
Almost every day (6)
0
0.00%
TOTAL
60 100.00%
Mean: 1.53
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Table 7 summaries how superintendents answered when asked about the last time that
they sought information on air pollution in their city or school district. A small amount (8.5%)
indicated that they last sought information in the last 6 months. About 22% indicated that they
had had sought air pollution information within the last 12 months, and about two-thirds of
respondents (67.8%) answered never/not applicable. The mean value of responses was 4.55,
indicating that most had either never sought information on air pollution or that it had more than
a year since they last did.
Table 7: Last Time Sought Info on Air Pollution in City/District
Within the last 7 days (1)
Within the last month (2)
Within the last 6 months (3)
Within the last 12 months (4)
Never/ not applicable (5)
TOTAL
Mean: 4.55

Count Percent
0
0.00%
1
1.69%
5
8.47%
13 22.03%
40 67.80%
59 100.00%

The second part of this section focused on traffic-related air pollution and asked the
respondents questions such as how much of a problem they thought traffic-related air pollution
was in their district, whether they were concerned about traffic-related air pollution causing
health problems or developmental delays in children, or missing class for students with
conditions like asthma. This section also included questions about their level of concern about
schools in their district being located near major roadways, what percentages of schools were
located downwind from such roadways, and whether they were concerned about student dropoffs or pickups located near major roadways.
Table 8 summarizes the responses from asking superintendents how much of a problem
they thought traffic-related air pollution was in their district. About 45.8% answered that they
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considered it not to be a problem at all, while 42.4% considered traffic-related air pollution a
minor problem. About 10.2% considered it a moderate problem and only 1.7% considered
traffic-related air pollution as a somewhat serious problem. The mean value of responses was
only 1.67, indicating that on average respondents thought of traffic-related air pollution as a
minor or less of a problem in their district.
Table 8: Traffic-Related Air Pollution as a Problem in School District
Count Percent
Not a problem at all (1)
27 45.76%
A minor problem (2)
25 42.37%
A moderate problem (3)
6 10.17%
A somewhat serious problem (4)
1
1.69%
A very serious problem (5)
0
0.00%
TOTAL
59 100.00%
Mean: 1.67
Table 9 focuses on how superintendents answered when asked about how concerned they
were about the possibility of traffic-related air pollution causing health problems for children.
More than half (57.6%) responded that they were not concerned at all, 37.3% answered that they
were a little concerned, and 3.39% indicated that they were somewhat concerned. Finally, only
one respondent (1.7%) answered that they were quite concerned. The mean value of responses
was 1.49, indicating that on average respondents had very little or no concern over traffic-related
air pollution causing health problems in the children in their school district.
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Table 9: Concern about Traffic-Related Air Pollution Causing Health Problems in Children
Count Percent
Not concerned at all (1)
34 57.63%
A little concerned (2)
22 37.29%
Somewhat concerned (3)
2
3.39%
Quite concerned (4)
1
1.69%
Extremely concerned (5)
0
0.00%
TOTAL
59 100.00%
Mean: 1.49
Table 10 summarizes how superintendents responded when asked about how concerned
they were about traffic-related air pollution causing developmental delays in children in their
districts. Based on Table 10, a large majority of respondents (63.3%) answered that they were
not concerned at all, 30% answered that they were a little concerned, 5% indicated that they were
somewhat concerned, and only 1.7% answered that they were quite concerned. The mean value
of responses was 1.45, indicating that on average respondents displayed little or no concern
about traffic-related air pollution causing developmental delays in children in their school
district.
Table 10: Traffic-Related Air Pollution Causing Developmental Delays in Children
Count Percent
Not concerned at all (1)
38 63.33%
A little concerned (2)
18 30.00%
Somewhat concerned (3)
3
5.00%
Quite concerned (4)
1
1.67%
Extremely concerned (5)
0
0.00%
TOTAL
60 100.00%
Mean: 1.45
According to Table 11, most superintendents were also not too concerned about trafficrelated air pollution causing children to miss class (like those with asthma). Almost two-thirds of
respondents (67.8%) indicated that they were not concerned at all, 27.1% answered they were a
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little concerned, 3.4% were somewhat concerned, while only 1.7% answered they were quite
concerned.
Table 11: Traffic-Related Air Pollution Causing Students to Miss Classes
Count Percent
Not concerned at all (1)
40 67.80%
A little concerned (2)
16 27.12%
Somewhat concerned (3)
2
3.39%
Quite concerned (4)
0
0.00%
Extremely concerned (5)
1
1.69%
TOTAL
59 100.00%
Mean: 1.41
Table 12 shows that close to half of school district superintendents (43.3%) indicated that
they were not concerned at all about major roadways being located near schools in their district,
while 30.7% answered they were a little concerned. Only 15% indicated that they were
somewhat concerned, while 10% mentioned they were quite concerned. Finally, no respondent
indicated that they were extremely concerned. The mean value of responses was 1.91, indicating
that on average school district superintendents expressed little concern about major roadways
being located near their schools.
Table 12: Concern About Major Roadways Being Located Near Schools
Count
Not concerned at all (1)
A little concerned (2)
Somewhat concerned (3)
Quite concerned (4)
Extremely concerned (5)
TOTAL
Mean: 1.91

Percent

26 43.33%
19 31.67%
9 15.00%
6 10.00%
0
0.00%
60 100.00%
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Table 13 summarizes superintendents indicating the percentage of schools in their district
that were located downwind from major roadways. Almost half of respondents (45.0%) indicated
that 0-30% of the schools in their school districts were located downwind from major roadways.
Table 13 also reveals that 25.0% of respondents indicated that they did not know what
percentage of schools in their district were located downwind from major roadways, while
another 20.0% responded that about 80-100% of the schools in their district were located
downwind from major roadways.
Table 13: Percent of Schools Downwind of Major Roadways
0-30%
40-70%
80-100%
Do not know
TOTAL

Count Percent
27 45.00%
6 10.00%
12 20.00%
15 25.00%
60 100.00%

Based on the results shown in Table 14, most public schools that respondents were
concerned about were located either ¼ mile (26.7%) from a major roadway or ½ mile (23.3%).
However, 18.3% of respondents indicated that the schools they were concerned about were more
than 2 miles downwind from a major roadway.
Table 14: Distance of Major Roadways to Schools Concerned About
Count Percent
¼ mile
16 26.67%
½ mile
14 23.33%
¾ mile
5
8.33%
1 mile
6 10.00%
1 ½ mile
1
1.67%
2 miles
3
5.00%
More than 2 miles
11 18.33%
Do not know
4
6.67%
TOTAL
60 100.00%
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Table 15 summarizes the results from asking superintendents about how concerned they
were about student drop-offs or pickups being located near major roadways in the district. About
half of superintendents (51.7%) responded that they were not concerned at all. However, 31.7%
of respondents answered that they were a little concerned, 6.7% answered they were somewhat
concerned, 5% answered they were quite concerned, and another 5% indicated they were
extremely concerned. The mean value of responses was 1.80 indicating that on average there was
little concern regarding the location of student drop-offs or pick-ups.
Table 15: Concern About Student Drop-offs/Pick-ups
Count Percent
Not concerned at all (1)

31

51.67%

A little concerned (2)
Somewhat concerned (3)

19
4

31.67%
6.67%

Quite concerned (4)
Extremely concerned (5)
TOTAL

3
3
60

5.00%
5.00%
100%

Mean: 1.80
4.2 Practices, Policies, and Strategies for Pollution Reduction in School Districts
This section of the survey focused on practices, policies, and strategies that were
recommended in the U.S. EPA’s Best Practices for Reducing Near-Road Pollution Exposure at
Schools (EPA, 2016). Table 16 summarizes the results from the first question in this section that
asked the respondents to indicate which practices or policies were in already in place in their
school districts. Tied for first place, 22 (34.4%) respondents indicated that anti-idling policies are
currently in place for buses and another 22 (34.4%) indicated that buses had been upgraded or
retrofitted in recent years in their districts. Furthermore, 14 (21.9%) respondents indicated that
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staff and teachers in their districts were educated on ventilation and indoor air quality, 13
(20.3%) indicated that their school district encouraged active transportation, 10 (15.6%) claimed
that their districts do not site new schools near major roadways, and 9 (14%) said that their
school districts had vegetation barriers around school buildings. Finally, only one (1.6%)
respondent indicated that teachers in the district were encouraged to have windows and doors
open during the school day and another respondent (1.6%) claimed to have anti-idling policies in
place for private automobiles. Of the 64 superintendents that participated in the survey, only 46
(71.9%) of them answered this question, which implies that 18 (28.1%) did not indicate whether
any of these practices or policies were in place in their school district.
Table 16: Practices/Policies in Place Currently in School District
Count Percent
Anti-idling policies in place for buses
Some of the buses in the school district have been upgraded or retrofitted in
recent years (e.g., in the last 5 years)
Staff and teachers are educated on ventilation and indoor air quality
Schools in the school district encourage active transportation (e.g., walking
or biking) to and from schools
New schools are not sited near major pollution sources like major
roadways
Vegetation barriers around school buildings
Teachers are encouraged to have windows and doors open during the
school day
Anti-idling policies in place for private automobiles

22
22

34.38%
34.38%

14
13

21.88%
20.31%

10

15.63%

9
1

14.06%
1.56%

1

1.56%

TOTAL

64

100%

Table 17 summarizes the results from asking respondents to determine how effective
practices or policies were in their school districts. The most non-effective practice or policy was
anti-idling policies in place for private vehicles at 59.3%, followed by windows and doors being
open during the day right at 57.7%. Most respondents seemed to favor upgrading or retrofitting
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school buses, with about 43.1% ranking the practice as moderately or extremely effective. The
use of mechanical ventilation was considered to moderately or extremely effective by about
53.0% of respondents.
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Table 17: Most/Least Effective Practice or Policy in Place in District
Not
A little Somewhat
effective effective
effective
9
10
10
(24.32%) (27.03%)
(27.03%)

Anti-idling
policies in place
for buses
Anti-idling
16
policies in place (59.26%)
for private
automobiles
Vegetation
9
barriers around (32.14%)
school
buildings
New schools
10
sited away from (40.00%)
major pollution
sources like
major roadways
Windows and
15
doors open
(57.69%)
during the
school day
Use of
6
mechanical
(17.65%)
ventilation (e.g.
Heating,
Ventilation, and
Air
Conditioning
[HVAC]
systems)
Active
8
transportation
(26.67%)
(e.g., walking
or biking) to
and from
schools
Upgrading or
6
retrofitting
(17.65%)
school buses

Moderately
effective
4
(10.81%)

Total (N)

Extremely
effective
4
37
(10. 81%) (100.00%)

5
(18.52%)

3
(11.11%)

2
(7.41%)

8
(28.57%)

7
(25%)

4
(14.29%)

0
28
(0.00%) (100.00%)

2
(8.00%)

7
(28.00%)

4
(16.00%)

2
25
(8.00%) (100.00%)

5
(19.23%)

4
(15.38%)

2
(7.69%)

0
26
(0.00%) (100.00%)

2
(5.88%)

8
(23.53%)

12
(35.29%)

6
34
(17.65%) (100.00%)

9
(30.00%)

6
(20.00%)

5
(16.67%)

2
30
(6.67%) (100.00%)

7
(20.59%)

6
(17.65%)

13
(38.24%)

2
34
(5.88%) (100.00%)
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1
(3.70%)

27
(100.00%

Table 18 summarizes the results from asking respondents about what practices or policies
should be adopted in their district that are not currently in place. Almost 29.7% of
superintendents indicated that they would like to have a practice or policy of using mechanical
ventilation in their district. Furthermore, 25.0% of respondents answered that they would like to
encourage active transportation in their districts and 23.4% wanted to upgrade or retrofit school
buses. In addition, 20.3% of respondents indicated that anti-idling policies should be in place for
private automobiles, 17.2% were in favor for anti-idling policies for buses, 12.5% for new
schools being sited away from major pollution sources, 11% the use of vegetation barriers
around sound buildings, and only 6.3% indicated that they would like to have windows and
doors open during the school day in their districts.
Table 18: Practices or Policies Not Currently in Place that Should be Adopted
Count

Percent

Use of mechanical ventilation (e.g. Heating, Ventilation, and Air
Conditioning [HVAC] systems)
Active transportation (e.g., walking or biking) to and from schools
Upgrading or retrofitting school buses
Anti-idling policies in place for private automobiles
Anti-idling policies in place for buses
New schools sited away from major pollution sources like major roadways

19

29.69%

16
15
13
11
8

25.00%
23.44%
20.31%
17.19%
12.50%

Vegetation barriers around school buildings
Windows and doors open during the school day
Total

7 10.94%
4
6.25%
64 100.00%

Table 19 and 20 summarize the results from asking respondents what percentage of
schools in their district relied solely on passive ventilation or mechanical ventilation. For passive
ventilation (opened windows/doors), almost two-thirds (62%) of respondents indicated that 10%
of the schools in their district relied solely on passive ventilation. About one-third (32%) of
respondents indicated that they did not know what percentage of schools relied solely on passive
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ventilation. When asked about mechanical ventilation, 51.8% indicated that all (100%) schools
in their district relied solely on mechanical ventilation such as HVAC systems, and 28.6% of
respondents also answered that at least 90% of their schools also relied on mechanical
ventilation.
Table 19: Percent of Schools Relying on Passive Ventilation
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
Do not know
TOTAL

Count Percent
31 62.00%
0
0.00%
0
0.00%
0
0.00%
0
0.00%
0
0.00%
0
0.00%
0
0.00%
1
2.00%
2
4.00%
16 32.00%
50 100.00%

Table 20: Percent of Schools Relying on Mechanical Ventilation
Count Percent
10%
3
5.36%
20%
0
0.00%
30%
0
0.00%
40%
0
0.00%
50%
1
1.79%
60%
0
0.00%
70%
0
0.00%
80%
1
0.00%
90%
16 28.57%
100%
29 51.79%
Do not know
6 10.71%
TOTAL
56 100.00%
Tables 21, 22, and 23 expand on the use of mechanical ventilation in school districts.
When asking respondents to indicate what kind of system was used in schools in the district
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(Table 21), either central HVAC systems for the entire school or single-class room units, 75% of
superintendents indicated they used central HVAC systems in their school districts, and 25%
indicated they used single-classroom units. Table 22 summarizes the results of asking
respondents if there were any policies in place for schools to change filters regularly. Nearly
91% of respondents indicated that schools in their district did have such policies in place, 7.1%
indicated that they did not have filter change policies in place, and only 1.8% indicated they did
not know whether their district had such a policy in place. Table 23 summarizes the results from
asking respondents to indicate whether any major improvements had been made to HVAC
systems in their district in the last year. About two-thirds ( 67.3%) indicated that major
improvements had been made, while 29.09% indicated that no improvements had been made,
and finally, 3.64% indicated that they did not know if any improvements had been made within
their districts.
Table 21: Main Type of Mechanical System Used
Count Percent
Central HVAC system for each school
42 75.00%
Single-classroom units
14 25.00%
TOTAL
56 100.00%
Table 22: Filter Change Policy in Place
Count Percent
Yes
51 91.07%
No
4
7.14%
Do not know
1
1.79%
TOTAL
56 100.00%
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Table 23: Major Improvements to HVAC Systems in the Last Year
Count Percent
Yes
37 67.27%
No
16 29.09%
Do not know
2
3.64%
TOTAL
55 100.00%
The last survey question in the second section was open-ended, to allow respondents
leave any comments about anything not covered in the survey regarding what is being used in
their school district to mitigate or reduce traffic-related air pollution. Two superintendents
indicated that air filtration systems were either installed or going to be installed within the next
year. Another superintendent mentioned that through EPA grants they had been able to update
their entire fleet of buses, but that there is little to no funding for public schools to upgrade
HVAC systems. They also mentioned that because of safety concerns schools were not allowed
to use open windows or doors.
4.3 Barriers and Challenges in Implementing Traffic Pollution Mitigation Practices
The third section of the survey asked superintendents to indicate what kinds of barriers or
challenges in implementing pollution mitigation strategies they faced in their school district.
Table 25 summarizes the responses received when asking superintendents to check which
statements were true and applied to their district. Most superintendents (43.8%) indicated that
adequate funds had been used in their district to update or establish HVAC, ventilation and
filtration systems. About a quarter of respondents (23.4% ) also indicated that adequate funds
had been used toward updating or retrofitting school buses in the district. Approximately 21.9%
also indicated that the fiscal budget of their school district had limited the ways in which they
would like to reduce traffic-related air pollution in their districts, and another 21.9% indicated
that schools in their district were difficult to access when using active transportation. For 14% of
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respondents, they answered that budget dictated the siting of new schools and 12.5% argued that
the geographic location of their school district made the use of vegetation barriers difficult or
challenging. When asked if the school district had faced challenges or problems when trying to
address traffic-related air pollution, 6.3% of respondents indicated that this applied to them and
their district. Only 4.7% of respondents indicated that the geographic location of their district
made adopting mitigation strategies an issue, and no respondent indicated that their school
district had any issues when it came to siting new schools away from major roadways.
Table 24: Barriers or Challenges Related to Traffic-Related Air Pollution Reduction

Adequate funds have been used toward updating or establishing HVAC,
ventilation and filtration systems in my school district
Adequate funds have been used toward to updating or retrofitting school
buses in my school district
The fiscal budget of my school district has limited the ways in which
traffic-related air pollution can be reduced
There are schools in my school district that become difficult to access
when using active transportation (e.g., walking or biking)
When establishing new schools in my school district, budget dictates
siting location
The geographic location of my school district makes the use of vegetation
barriers difficult or challenging
My school district has faced challenges or problems when trying to
address traffic-related air pollution
The geographic location of my school district has been an issue when
trying to adopt mitigation strategies
My school district has faced challenges regarding siting new schools away
from major roadways
Total

Count
28

Percent
43.75%

15

23.44%

14

21.88%

14

21.88%

9

14.06%

8

12.50%

4

6.25%

3

4.69%

0

0.00%

64 100.00%

The last question of the survey was an open text box that allowed respondents to leave
additional comments regarding any challenges, problems, or barriers they had encountered when
trying to reduce or mitigate traffic-related air pollution in their district. While many respondents
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indicated that they had nothing to add, some took the time to leave detailed comments. Some of
these comments included:
•

“We are not a good test case for you. We are a small rural town with a highway running
through it. Air pollution and air quality are not hardly applicable at all”

•

“As a small town in Central Texas, we don't have any of these air pollution issues caused
by vehicles”

•

“We are a rural district that is outside/off many major roads and only 33 square miles.
Traffic pollution is less of an issue compared to general air quality and/or allergen
conditions. I would think the data most valuable to your study would come from
urban/large districts who move a lot of kids on a lot of busy roads with a lot of vehicles”

•

“Our district is rural and not near any major highways”

•

“The biggest obstacle is funding. I am grateful that the State did award about $21,900 to
my ISD as part of a Health Grant that we will use towards the purchase of air purifiers”
However, most of these comments were provided by school district superintendents in

charge of public schools in either small towns or rural locations. Since an overwhelming 67.2%
of survey responses came from the rural category and 21.9% from the town category, this was
not a surprising finding.
4.4 Bivariate Comparisons Between Key Variables
To explore and understand how responses to key questions from the survey are related to
other survey responses and relevant school district characteristics, bivariate comparisons were
conducted. This included cross-tabulations of selected survey items and comparison of group
means for quantitative responses with respect to other variables. External school district level
factors that were linked to survey data comprised the number of students, number of full-time
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teachers, student-teacher ratio, mean annual budget, mean annual expenditures, and mean
revenue per student. The relationships that were examined included a school district’s level of
concern of traffic-related air pollution vs their geographic locale; a school district’s geographic
locale vs the practices or policies currently in place; school district’s level of concern of trafficrelated air pollution vs practices or policies in place; a school district’s level of concern of
traffic-related air pollution vs. their student/teacher ratio; and a school districts student/teacher
ratio vs practices or policies in place.
Table 25 summarizes how a school district’s geographic locale paired against their level
of concern for traffic-related air pollution. Of the 58 respondents that answered the level of
concern question for traffic-related air pollution, a large majority were from rural locales. As
many as 81.5% of these rural respondents thought that traffic-related air pollution was not a
problem at all. Those in town locales mainly considered traffic-related air pollution to be a minor
problem and suburban locales were split almost equally between traffic-related related air
pollution being a minor, moderate, or a somewhat serious problem. City locales, however, were
split between not a problem at all and a minor problem. Overall, the results shown in Table 25
indicate that traffic-related air pollution level of concern varied across all four locales, with those
in suburban locales considering traffic-related air pollution to be a more serious issue.
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Table 25: Traffic-Related Air Pollution Level of Concern Vs. School District’s Geographic
Locale
How much of a problem do you think City
Suburb
Town
Rural
Total
traffic-related air pollution is in your
district?
Not a problem at all
1
0
4
22
27
(3.70%) (0.00%) (14.81%) (81.48%) (46.55%)
A minor problem
1
1
7
15
24
(4.17%)
4.17%) (29.17%) (62.50%) (41.38%)
A moderate problem
0
1
2
3
6
(0.00%) (16.67%) (33.33%) (50.00%) (10.34%)
A somewhat serious problem
0
1
0
0
1
(0.00%)
(100%) (0.00%) (0.00%)
(1.72%)
A very serious problem
0
0
0
0
0
(0.00%) (0.00%) (0.00%)
0.00%)
(0.00%)
Total
2
3
13
40
58
(3.35%) (5.17%) 22.41%) (68.97%) 100.00%)
Table 26 examines the relationship between a school district’s geographic locale and the
practices or policies currently in place, to explore whether the geographic locale influenced the
implementation of best practices for traffic pollution reduction recommended by the EPA. City
locales where most likely to have anti-idling policies in place for buses than any other practices
or policies. Suburban locales were more in favor of anti-idling policies for buses compared to
others, but also indicated to site new schools away from major roadways, as well as encouraging
active transportation. Those school districts in town locales were mostly in favor of anti-idling
policies for buses, but also in educating their staff and teachers on ventilation and indoor air
quality. Finally, rural districts made up the bulk of the respondents and equally favored antiidling policies for buses and educating staff and teachers on ventilation and indoor air quality.
However, rural districts also indicated a high adoption of encouraging active transportation in
their districts which could be related to the lack of major highways in these locales.
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Table 26: School District’s Geographic Locale Vs. Practices or Policies Currently in Place
Anti-idling policies for buses
Anti-idling policies for private
automobiles
Vegetation barriers around school
buildings
New schools sited away from
major roadways
Windows and doors open during
the school day
Staff and teachers educated on
ventilation and indoor air quality
Encouraging active transportation
(e.g., walking or biking) to and
from schools
Buses upgraded or retrofitted in
recent years

City

Suburb

Town

Rural

Total

2
3
6
11
22
(9.09%) (13.64%) (27.27%) (50.00%) (100.00%)
0
0
0
1
1
(0.00%) (0.00%) (0.00%) (100.00%) (100.00%)
1
0
1
6
8
(12.50%) (0.00%) (12.50%) (75.00%) (100.00%)
0
1
1
8
10
(0.00%) (10.00%) (10.00%) (80.00%) (100.00%)
0
0
0
1
1
(0.00%) (0.00%) (0.00%) (100.00%) (100.00%)
0
0
3
11
14
(0.00%) (0.00%) (21.43%) (78.57%) (100.00%)
0
1
2
10
13
(0.00%) (7.69%) (15.38%) (76.92%) (100.00%)
1
(4.76%)

2
5
(9.52%) (23.81%)

13
22
(61.90%) (100.00%)

Table 27 summarizes the relationship of a school district’s traffic-related air pollution
level of concern and the mitigation practices or policies in place. Those districts whose level of
concern was very low (not a problem at all) were more likely to have anti-idling policies in place
for buses and having upgraded or retrofitted the buses in their district in the last 5 years. Those
district superintendents who considered traffic-related air pollution as a minor problem were
more likely to have upgraded or retrofitted their buses in recent years and those that considered
traffic-related air pollution to be a moderate problem were more likely to have anti-idling
policies in place. The districts that felt that traffic-related air pollution was a somewhat serious
problem equally adopted anti-idling policies for buses, encouraged active transportation, and
upgrading or retrofitting their buses in their districts. Based on the results below, school districts
that had a relatively lower level of concern had a significant number of practices and policies in
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place to mitigate traffic-related air pollution, compared to those that indicated a slightly higher
level of concern.
Table 27: Traffic-Related Air Pollution Level of Concern Vs. Practices or Policies in Place

Anti-idling policies
for buses
Anti-idling policies
for private
automobiles
Vegetation barriers
around school
buildings
New schools sited
away from major
roadways
Windows and doors
open during the
school day
Staff and teachers
educated on
ventilation and indoor
air quality
Encouraging active
transportation (e.g.,
walking or biking) to
and from schools
Buses upgraded or
retrofitted in recent
years

How much of a problem do you think traffic-related pollution
is in your school district?
Not a
A minor A
A somewhat A very
Total
problem
problem moderate serious
serious
at all
problem
problem
problem
8
9
3
1
0
21
0

1

0

0

0

1

3

6

0

0

0

9

4

6

0

0

0

10

1

0

0

0

0

1

5

8

1

0

0

14

5

5

2

1

0

13

6

13

2

1

0

22

Table 28 examines how specific school district characteristics (i.e., total students, total
full-time teachers, and student-teacher ratio) influenced the superintendent’s level of concern for
traffic-related air pollution. School districts that indicated traffic-related air pollution was not a
problem at all contained, on average, 2,034 students, 144 teachers, and a student-teacher ratio of
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11.7. Districts that considered traffic-related air pollution to be a minor problem had, on average,
2,525 students, 171 teachers, and a student-teacher ratio of 13.8. Those that indicated trafficrelated air pollution to be a moderate problem had, on average, 3,268 students, 217 teachers, and
a student-teacher ratio of 14.2. Finally, only one school district indicated traffic-related air
pollution being a somewhat serious problem. This district had, on average, 13,941 students, 962
teachers, and a student-teacher ratio of 14.5. Based on the results in Table 28, school districts
indicating lower levels of concern for traffic-related air pollution were characterized by relatively
smaller numbers of students, full-time teachers, and student-teacher ratio, compared to districts
that considered traffic pollution to be a more serious problem.
Table 28: Traffic-Related Air Pollution Level of Concern Vs. Total Students, Full-Time
Teachers, S-T Ratio

Level of Concern
Not a problem at all
A minor problem
A moderate problem
A somewhat serious
problem
A very serious problem

Mean Total
Students

Mean Full-Time
Teachers

2,033.59
2,524.87
3,267.83
13,941

143.51
170.89
216.55
962.39

Mean
S-T
ratio
11.72
13.77
14.23
14.49

---------

---------

-------

The following table (Table 29) examines how traffic-related air pollution level of concern
was related to the school district’s annual budget, annual expenditures, and revenue per student.
School districts that indicated traffic-related air pollution being not a problem at all had an
average annual budget of $26,408,000, annual expenditures of $25,868,370, and a revenue per
student of $19,944. Those districts that indicated a minor problem had an average annual budget
of $30,943,083, annual expenditures of $29,517,958, and a revenue per student of $16,318.
School districts that indicated a moderate problem when it came to their level of concern of
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traffic-related air pollution had an average annual budget of $59,908,500, annual expenditures of
$47,734,333, and a revenue per student of $19,524. Lastly, the one school district that cited
traffic-related air pollution a somewhat serious problem had an annual budget of $252,049,000,
annual expenditures of $259,796,000, and a revenue per student of $18,080. These numbers
suggest relatively higher levels of concern regarding traffic-related air pollution in school
districts with greater budgets and expenditures, but somewhat mixed results for revenue per
student.
Table 29: Traffic-Related Air Pollution Level of Concern Vs. Annual Budget, Annual
Expenditures, and Revenue Per Student

Level of Concern
Not a problem at all
A minor problem
A moderate problem
A somewhat serious
problem
A very serious problem

Mean
Annual Budget
$26,408,000
$30,943,083
$59,908,500
$252,049,000

Mean
Annual
Expenditures
$25,868,370
$29,517,958
$47,734,333
$259,796,000

Mean
Revenue Per
Student
$19,944
$16,318
$19,524
$18,080

-------------------

-------------------

---------------

Table 30 shows how the average number of students, full-time teachers, and studentteacher ratio of a school district influenced which practices or policies were adopted in the
district. Districts that had anti-idling policies in place for buses indicated an average of 4,789
students, 328 full-time teachers, and a student-teacher ratio of 13.5. Districts that had anti-idling
policies in place for private automobiles indicated an average of 1,567 students, 115 teachers,
and the highest student-teacher ratio of 13.6. Districts with policies of vegetation barriers around
school buildings in their district showed the highest mean number of students at 5,578, the
highest mean for teachers at 380, and a student-teacher ratio of 13.1. Those districts that had a
policy of siting new schools away from major roadways indicated an average of 1,598 students,
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114 teachers, and a student-teacher ratio of 12.7. Districts that encouraged teachers to have
windows and doors open during the school day indicated an average of 309 students, 33 teachers,
and a student-teacher ratio of 9.4. These results suggest that school districts with larger numbers
of students, full-time teachers, and student-teacher ratios were more likely to adopt vegetation
barriers and anti-idling policies for buses, but less likely to encourage teachers to have open
windows and doors during the school day.
Table 30: Practices or Policies Currently in Place Vs. Student-Teacher Ratio, Total Students, and
Full-time Teachers

Policy or Practice
Anti-idling policies in place for buses
Anti-idling policies in place for private
automobiles
Vegetation barriers around school buildings
New schools are not sited near major
pollution sources like major roadways
Teachers are encouraged to have windows and
doors open during the school day
Staff and teachers are educated on ventilation
and indoor air quality
Schools in the school district encourage active
transportation (e.g., walking or biking) to and
from schools
Some of the buses in the school district have
been upgraded or retrofitted in recent years
(e.g., in the last 5 years)

Mean Total
Students

Mean
S-T ratio

4,788.64
1,567.00

Mean FullTime
Teachers
328.42
115.02

5,578.38
1,597.70

380.49
114.39

13.14
12.72

309.00

33.02

9.36

1,049.78

80.19

12.38

2,186.69

160.75

12.33

2,966.38

206.32

13.23

13.50
13.62

Table 31 summarizes how the practices or policies in place in a school district might have
been influenced by a school district’s annual budget, annual expenditures, and revenue per
student. The top practices and policies that were cited as being implemented the most included
anti-idling policies for buses, upgrading or retrofitting buses in recent years, and educating staff
and teachers on ventilation and indoor air quality. School districts that indicated that they had
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anti-idling policies in place for buses had an average annual budget of $60,124,909, annual
expenditures of $58,460,227, and revenue per student of $14,134. School districts that had
upgraded or retrofitted buses in recent years had an average annual budget of $40,545,714,
$39,263,857 in expenditures, and revenue per student of $16,930. Lastly, school districts that
educated their staff and teachers on ventilation and indoor air quality had an average annual
budget of $14,174,642, annual expenditures of $13,923,571, and revenue per student of $15,885.
These numbers suggest that larger school districts with higher budgets and higher expenditures
were more likely to adopt vegetation barriers and anti-idling policies for buses, and less likely to
engage in educating staff and teachers in ventilation and indoor air quality or encouraging
windows and doors to be open during the school day.
Table 31: Practices or Policies in Place Vs. Annual Budget, Annual Expenditures and Revenue
Per Student

Policy or Practice
Anti-idling policies in place for buses
Anti-idling policies in place for private
automobiles
Vegetation barriers around school
buildings
New schools are not sited near major
pollution sources like major roadways
Teachers are encouraged to have windows
and doors open during the school day
Staff and teachers are educated on
ventilation and indoor air quality
Schools in the school district encourage
active transportation (e.g., walking or
biking) to and from schools
Some of the buses in the school district
have been upgraded or retrofitted in recent
years (e.g., in the last 5 years)

Mean
Annual
Budget
$60,124,909
$18,639,000

Mean
Annual
Expenditures
$58,460,227
$17,512,000

Mean
Revenue
Per Student
$14,134
$11,895

$64,983,375

$63,708,500

$13,743

$21,595,900

$20,947,000

$17,420

$6,365,000

$5,257,000

$20,599

$14,174,642

$13,923,571

$15,885

$45,509,846

$39,604,230

$23,901

$40,545,714

$39,263,857

$16,930
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Chapter 5: Conclusion
This thesis project sought to provide new insights on what public school districts in the
state of Texas are doing to address, minimize, and reduce traffic-related air pollution, based on
an online survey that was distributed all school district superintendents in the state. Texas is an
appropriate state for studying traffic-related air pollution mitigation not only because it is one of
the most polluted U.S. states, but also because it is home to some of the most polluted cities in
the nation. Public school students in Texas spend a minimum of seven hours a day and 180 days
a year in school, according to the National Center for Education Statistics (NCES, 2018). This
thesis focused on investigating several research questions that ranged from how concerned
school district administrators in Texas are in regard to traffic-related air pollution, what best
practices are currently implemented, what type of school districts are more likely to adopt
vehicular pollution prevention strategies, and what barriers or problems they are facing when
trying to mitigate traffic-related air pollution.
The first research question examined levels of concern among school district
administrators in Texas were over air pollution and traffic-related air pollution. The survey
results revealed that more than 91% of respondents considered the overall air quality in their
school district to be somewhat or very good and almost 95% considered air pollution to a minor
problem or not a problem at all. The survey results also revealed that only about 10% of school
district superintendents found traffic-related air pollution to be more than a minor problem in
their districts. Furthermore, a large majority of superintendents also had a very low level of
concern when it came to traffic-related air pollution causing health problems, developmental
delays, and students to miss class.
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The second aim of this study was to investigate to what extent the EPA’s best practices
and recommendations for reducing school exposure to traffic-related air pollution were being
adopted or implemented in Texas public school districts. The results revealed that most of the
EPA’s recommendations were actually being adopted and implemented in the school districts
that participated in this survey. Almost 72% of these superintendents indicated that the best
practices for traffic pollution mitigation suggested by the EPA were being adopted in their school
districts.
Of the EPA’s recommendations, the most commonly adopted across Texas school
districts involved mechanical ventilation. Approximately half of respondents indicated that all
their schools relied on mechanical ventilation, with central HVAC systems for each school being
the most widely adopted. Respondents indicating a reliance on mechanical ventilation also
reported that there were policies in place for regular filter changes as well in their districts.
About two-thirds of respondents also indicated that major improvements had been conducted to
the HVAC systems in their school districts in the last year. Practices and policies concerning
buses were also commonly adopted across Texas public school districts. About one-third of
respondents indicated that their school districts had anti-idling policies for buses in place and a
similar number of respondents also indicated that their districts had also upgraded or retrofitted
their school buses in the last five years.
While the use of mechanical ventilation and policies for school buses were the most
adopted across Texas public school districts, there were some practices and policies that were not
being widely implemented. When asked about the barriers and problems that school districts
faced when trying to adopt vehicular pollution prevention strategies, about one-fifth indicated
that the fiscal budget of the district limited the ways in which traffic-related air pollution in the
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district could be reduced. The same number of respondents also indicated that active
transportation in their district was not being encouraged because schools in their district were
found to be difficult to access by walking or biking.
The analysis of bivariate comparisons between key variables provided additional insights
on the responses to specific survey questions. School districts in rural geographic locales were
more likely to have lower concern regarding traffic-related air pollution compared to all the other
locales, while suburban locales indicated a slightly higher level of concern than others. When
analyzing the relationship between a district’s geographic locale versus the practices or policies
they had in place, the results revealed that rural locales encouraged the use of active
transportation more than all the other locales. Anti-idling policies for buses were the most
popular policy in place across the four locales, and only one school district indicated that they
had anti-idling policies in place for private vehicles. School districts which considered trafficrelated air pollution to be a minor problem were more likely to have upgraded or retrofitted their
buses in recent years and those that considered traffic-related air pollution a moderate problem
were more likely to have anti-idling policies in place. The results also revealed that school
districts with relatively smaller numbers of students, full-time teachers, and student-teacher
ratios were more likely to indicate a lower level of concern of traffic-related air pollution. School
districts that had larger budgets and expenditures were more likely to have higher levels of
concern than those with lower budgets and expenditures. The results also indicated that school
districts with larger numbers of students and teachers were more likely to adopt vegetation
barriers around school buildings and anti-idling policies for buses, and less likely to encourage
the opening of windows and doors during the school day. School districts with higher budgets
and expenditures were more likely to adopt the use of vegetation barriers, and districts with
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relatively lower budgets and expenditures were more likely to encourage the opening of
windows and doors as well as educating staff and teachers on ventilation and indoor air quality.
While this is the first study to use a structured survey for examining how public school
districts are addressing traffic-related air pollution exposure, it is important to consider some
limitations. The first limitation focuses on survey response rates, sample size, and the survey
software. While the TEA website provided valuable details for contacting each school district
(e.g., superintendent’s name and email) in a convenient spreadsheet format, some of this
information was outdated and email addresses were occasionally incorrect or still linked to
previous superintendents. The Question Pro software made it easy to contact a large number of
school districts simultaneously, but there were some problems with this software. Sending out a
large amount of email invitations at one time would sometimes freeze or cancel, resulting in
additional work to ensure that all the invitations were successfully declared sent. Furthermore,
many survey invitations were returned as having bounced, which required manually sending the
email out again. However, Question Pro was helpful in keeping track of how many respondents
ended up unsubscribing from the invitation emails, opening the email but not filling the survey,
and dropped out before completing the survey. This feature made it easy to remember which
school district superintendents were no longer interested in receiving the email reminders and
who needed to be contacted again to encourage survey completion.
A second limitation of this study was the time-period in which the survey was conducted.
Two staff members from the TASA indicated that the burden of the ongoing COVID-19
pandemic might be significantly hindering the survey response rate. While the survey was short
and the average time to complete it was only about 8 minutes, many respondents did not click on
the link to open or explore the survey. The two staff members from the TASA further mentioned
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that staffing shortages, school closures, complications from COVID-19 policies, and political
polarization in many communities across Texas could also be reasons why emails about anything
else are likely to fall off their radars, such as the case with my emails about a survey on trafficrelated air pollution. One of the staff members at TASA did take the time to provide helpful
suggestions to increase survey responses, but these suggestions did not result in increasing
response rate. Social media was used to an extent until it was discovered that it would be hard to
track who was responding to the survey, since it was unknown who oversaw the social media
account. While Twitter was used to directly send a message to some school district
superintendents, these messages went unread. The TASA staff member also suggested sending
an email to the superintendent’s executive assistant or secretary. However, the names and contact
information for these assistants are not easily available, unlike the superintendent information
provided by the TEA’s AskTED directory. Many school districts did not have an administrative
or executive assistant, so not every school district could be contacted through this approach.
While the ongoing COVID-19 pandemic might have affected the survey response rate, it
is difficult to assess whether it affected the responses of those school district administrators that
participated in the survey. However, Kasperson and Kasperson (1996) argue that because risk
and risk events compete for scare space in the media’s coverage, the outcome of this competition
is a major determinant of whether a risk will be socially amplified or attenuated in terms of how
people process and evaluate the risk. In this case, the COVID-19 pandemic was a major risk
event that received a lot of media coverage and led to social amplification, while other risks such
as the adverse effects of traffic-related air pollution most likely got attenuated. As the staff
members from TASA suggested, school district superintendents were heavily burdened by
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problems relating to the pandemic that could be potentially linked to relatively lower levels of
concern for air pollution or traffic-related air pollution that were observed in this study.
Finally, it should be noted that this survey was mainly completed by school districts
located in small towns or rural areas, which created an issue of rural bias. These school districts
and their administrators indicated that they did not face problems associated with air pollution
and traffic-related air pollution because of their rural location. Many respondents left comments
that indicated that they did not have any major roads or highways in their districts and therefore,
this resulted in a lower level of concern when it came to both general air pollution and trafficrelated air pollution. While this study would have benefitted greatly from the participation of
public school districts located in large city or suburban locales exposed to higher levels of traffic
pollution, most of those districts did not open the survey emails, reminders, or social media
messages. In the future, researchers should consider placing additional focus on school districts
located in city and suburban geographic locales, since both air pollution and traffic-related air
pollution are more prominent in these locales. While this survey has revealed that even school
districts located in rural locales are adopting the mitigation suggestions recommended by the
EPA, it would be interesting to investigate whether school districts located in more heavily
populated areas and intersected by major highways with higher traffic volumes are implementing
the EPA’s recommendations for addressing vehicular pollution.
In summary, this thesis has addressed an important gap in the literature concerned with
documenting and analyzing how public school districts are attempting to mitigate the effects of
traffic-related air pollution on children’s health in Texas. This thesis sought to contact all public
school district superintendents in the state of Texas and provide new insights regarding their
level of concern for traffic-related air pollution, which practices or policies are being currently
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adopted, and the challenges or barriers they face for reducing traffic-related air pollution in their
districts. Most importantly, the knowledge gained from the survey responses will hopefully
initiate policy changes within the surveyed school districts that in turn will contribute to reducing
children’s exposure to vehicular air pollution in public school districts, both within and beyond
Texas.
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Appendix
Survey Invitation
Dear School District Superintendent,
You are invited to participate in a research study on public school districts in Texas that
seeks to examine: (1) concerns regarding traffic-related pollution; (2) policies and practices for
reducing exposure to traffic-related pollution; and (3) barriers and problems with mitigating and
reducing traffic-related pollution in school districts.
We are requesting you to fill out this online survey that is being sent to all school district
superintendents in the state of Texas. The survey will take about 10 minutes for you to complete.
We are contacting you because you have been identified as a school district superintendent in the
Texas Education Agency’s AskTED directory. The information collected through this survey
will be used only for research purposes and in ways that will not reveal who you are. Your
answers will remain completely confidential, and you or your school district will not be
identified in any report or publication from this study. The findings of this study will be useful
for decision-makers, educators, and outreach efforts to address school children’s exposure to
traffic pollution in Texas and other areas of the U.S. Funding for this study was provided by a
grant from the U.S. Department of Transportation through the Center for Advancing Research in
Transportation Emissions, Energy, and Health (CARTEEH). A summary of the survey results
will be emailed to you after our analysis of the survey data has been completed. More
information about our research project is available here.
If you are unable participate in this survey, please forward this email to another
administrator or staff member of your school district who is responsible for making
environmental decisions.
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Follow this link to the Survey: <SURVEY_LINK>
Or copy and paste the URL below into your internet browser:
https://utep.questionpro.com/t/ATOjiZniBA
You will be given the opportunity to provide informed consent at the beginning of the survey.
If you have any questions about this survey or research study, please send an email to Ms. Laura
Schwanke at lschwanke@miners.utep.edu, or the Principal Investigator, Dr. Jayajit Chakraborty
at jchakraborty@utep.edu.
Thank you.
Laura Schwanke
Graduate Research Assistant, Department of Sociology and Anthropology
University of Texas at El Paso
Jayajit Chakraborty, PhD
Professor, Department of Sociology and Anthropology
Founding Director, Socio-Environmental and Geospatial Analysis Lab
University of Texas at El Paso
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Informed Consent Form
TEXAS SCHOOL DISTRICT SURVEY OF VEHICULAR POLLUTION
Dear school district administrator:
You are invited to participate in a research study on public school districts in Texas that seeks to
examine: (1) levels of concern regarding traffic-related pollution in the school district; (2)
policies and strategies for reducing exposure to traffic-related pollution that are being adopted by
school districts; and (3) barriers and problems with mitigating and reducing traffic-related
pollution in school districts. This is an online survey of school district superintendents and
administrators in Texas that will take about 10 minutes for you to complete. The information
collected through this survey will be used only for research purposes and in ways that will not
directly reveal who you are. Your answers will remain completely confidential, and you or your
school district will not be identified in any report or publication from this study. Funding for this
research study was provided by a grant from the U.S. Department of Transportation through the
Center for Advancing Research in Transportation Emissions, Energy, and Health (CARTEEH).
The findings of this study will be useful for decision-makers, educators, and outreach efforts to
address school children’s exposure to traffic-related pollution in Texas and other areas of the
U.S. Your participation is completely voluntary. If there are any questions that you do not want
to answer, please feel free to skip them. By clicking on the response item below, you are
consenting to participate. If you have questions about the survey or project, you may contact Ms.
Laura Schwanke via email at lschwanke@miners.utep.edu or Dr. Jayajit Chakraborty at
jchakraborty@utep.edu. If you have questions or concerns about your rights as a research
subject, IRB Office at the University of Texas at El Paso may be reached by phone at 915-7476590 or by email at irb.orsp@utep.edu. CLICK ‘YES’ TO PROCEED WITH THE SURVEY.
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Survey Questionnaire
SECTION A: Air Pollution and Traffic-Related Air Pollution: Concerns and Perceptions
The first set of questions focus on your level of concern regarding air pollution in your school
district.
A1. How would you rate the overall air quality in your school district?
1) Very bad
2) Somewhat bad
3) Neither good nor bad/neutral
4) Somewhat good
5) Very good
A2. How much of a problem do you think air pollution is in your school district?
1) Not a problem at all
2) A minor problem
3) A moderate problem
4) A somewhat serious problem
5) A very serious problem
A3. What would you say are the main causes of air pollution in your school district?
1) Private automobiles
2) Public buses
3) Nearby industries or factories
4) Nearby major roadways
5) Agricultural activities
6) Ongoing Construction
7) Other: _________________________________
A4. Have you ever sought information (via the Internet, online media, print media, etc.)
about the levels of air quality in your city/school district?
1) Yes
2) No
A5. How often do you seek information (via the Internet, online media, print media, etc.)
about air pollution in your city/school district?
1) Never/not applicable
2) Not that often
3) Somewhat often
4) Moderately often
5) Regularly
6) Almost every day
A6.When was the last time you sought information about air pollution in your city/school
district?
1) Within the last 7 days
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2)
3)
4)
5)

Withing the last month
Within the last 6 months
Within the last 12 months
Never/not applicable

The next set of questions focus specifically on your level of concern regarding vehicular or
traffic-related air pollution in your school district.
A7. How much of a problem do you think traffic-related pollution is in your school district?
1) Not a problem at all
2) A minor problem
3) A moderate problem
4) A somewhat serious problem
5) A very serious problem
A8. How concerned are you about the possibility of traffic-related pollution causing health
problems for children in your school district?
1) Not concerned at all
2) A little concerned
3) Somewhat concerned
4) Quite concerned
5) Extremely concerned
A9. How concerned are you about traffic-related air pollution causing developmental delays
(e.g., motor skills, communication, social behavior, or problem-solving abilities) in
students?
1) Not concerned at all
2) A little concerned
3) Somewhat concerned
4) Quite concerned
5) Extremely concerned
A10. How concerned are you about traffic-related air pollution affecting the number of days
students miss class (e.g., like students with asthma)?
1) Not concerned at all
2) A little concerned
3) Somewhat concerned
4) Quite concerned
5) Extremely concerned
A11. How concerned are you about any major roadways located near schools in your school
district?
1) Not concerned at all
2) A little concerned
3) Somewhat concerned
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4) Quite concerned
5) Extremely concerned
A12. Approximately what percentage of schools in your school district would you say are
located downwind from major roadways?
10%
20%
30%
40%
50%
60%
70%
80%
90% 100%
Do
not
Know
A13. How far away are the major roadways located from the schools you are concerned
about?
¼
½
¾
1
1.5
2
Do
mile
mile
mile
mile
mile miles
not
know
A14. How concerned are you about there being student drop-offs and pickups located near
major roadways in your school district?
1) Not concerned at all
2) A little concerned
3) Somewhat concerned
4) Quite concerned
5) Extremely concerned
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SECTION B: Practices, Policies, and Strategies for Pollution Reduction in School Districts
The following questions focus on practices, policies, and strategies for reducing children’s
exposure to traffic-related air pollution in schools.
B1. Which of the following practices or policies are in place in your school district? Check
all that apply.
Anti-idling policies in place for buses
Anti-idling policies in place for private automobiles
Vegetation barriers around school buildings
New schools are not sited near major pollution sources like major
roadways
Teachers are encouraged to have windows and doors open during the
school day
Staff and teachers are educated on ventilation and indoor air quality
Schools in the school district encourage active transportation (e.g.,
walking or biking) to and from schools
Some of the buses in the school district have been upgraded or retrofitted
in recent years (e.g., in the last 5 years)
B2. To your knowledge, which of the following practices or polices have been most/least
effective in reducing traffic pollution in your school district?
Not
A little
Somewhat Moderately Extremely
effective effective effective
effective
effective
Anti-idling policies for
buses
Anti-idling policies for
private automobiles
Vegetation barriers around
school buildings
New schools sited away
from major pollution
sources like major
roadways
Windows and doors open
during the school day
Use of mechanical
ventilation (e.g., heating,
ventilation, and air
conditioning (HVAC)
systems)
Active transportation (e.g.,
walking or biking) to and
from schools
Upgrading or retrofitting
school busses
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B3. Which of the following practices or policies that are not currently implemented should be
adopted for reducing traffic-related pollution in your school district? Check all that apply.
Anti-idling policies for buses
Anti-idling policies for private automobiles
Vegetation barriers around school buildings
New schools sited away from major pollution sources like major roadways
Windows and doors open during the school day
Use of mechanical ventilation (e.g., HVAC systems)
Active transportation (e.g., walking or biking) to and from schools
Upgrading or retrofitting school busses
The following questions focus on ventilation and filtration:
B4. What percentage of schools in your district rely solely on passive ventilation (opened
windows/doors)?
10%
20%
30%
40%
50%
60%
70%
80%
90% 100%
Do
not
Know
B5. What percentage of schools in your district rely solely on mechanical ventilation (HVAC
systems)?
10%
20%
30%
40%
50%
60%
70%
80%
90% 100%
Do
not
Know
B6. If your school district uses mechanical ventilation (HVAC systems) what are the main
types of systems that are used in the district?
1) Central HVAC system for each school
2) Single-classroom units
B7. Is there a policy for schools to change the filters regularly?
1) Yes
2) No
3) Do not know
B8. Have any major improvements to HVAC systems recently (within the last year) been
made to schools in your school district?
1) Yes
2) No
3) Do not know
B9. Are there any other practices or strategies not covered in this survey that are being used
in your school district to mitigate or reduce traffic-related air pollution?
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SECTION C: Barriers and Challenges in Implementing Traffic Pollution Mitigation
Practices
This section focuses on any problems or challenges that you or the school district may have
faced in adopting or implementing traffic-related pollution reduction or mitigation practices:
C1. Please check all the options below that apply to your school district.
Your school district has faced challenges or problems when
trying to address traffic-related air pollution
The fiscal budget of the school district has limited the ways in
which traffic-related air pollution can be reduced
Adequate funds have been used toward to updating or retrofitting
school buses in my school district
Adequate funds have been used toward updating or establishing
HVAC, ventilation and filtration systems in my school district
The geographic location of my school district has been an issue
when trying to adopt mitigation strategies
When establishing new schools in my school district, budget
dictates siting location
My school district has faced challenges regarding siting new
schools away from major roadways
The geographic location of my school district makes the use of
vegetation barriers difficult or challenging
There are schools in my school district that become difficulty to
access when using active transportation (e.g., walking or biking)
C2. Is there anything you would like to add about any challenges, problems, or barriers you
have encountered when trying to reduce traffic-related air pollution in your school district?
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